The flash-lag effect refers to the phenomenon where a flash of a stationary stimulus presented adjacent to a moving stimulus appears to lag behind it. We investigated whether the flash-lag effect affected the tilt aftereffect using two sets of vertical gratings for a flash and a moving stimulus that created a specific orientation when aligned with a specific temporal offset. Our results show that a change in the perceptual appearance of stimuli in the presence of the flash-lag effect had a negligible influence on the tilt aftereffect. These data suggest that the flash-lag effect originates at a different neural processing stage than the early linear processing that presumably mediates the tilt aftereffect.
Introduction
When a brief flash is presented adjacent to a moving stimulus, the flash appears to lag behind (MacKay, 1958; Mateeff & Hohnsbein, 1988) , a phenomenon called the flash-lag effect (FLE) . Two ways that the FLE has been interpreted include regarding it as a spatial illusion, in which the FLE results from the spatial shift of the moving stimulus, and regarding it as a temporal illusion, where the FLE results from the delay of the flash relative to the moving stimulus. The former interpretation, also termed ''motion extrapolation," was first proposed by Nijhawan (1994 Nijhawan ( , 1997 and argues that the visual system extrapolates the position of the moving object in the direction of motion to compensate for neural processing delay, enabling a dynamic reaction to the moving object. However, many other studies of the FLE have produced data that cannot be explained by motion extrapolation (Brenner & Smeets, 2000; Eagleman & Sejnowski, 2000; Whitney & Murakami, 1998; . For example, when a flash is presented in alignment with a moving stimulus at the precise time the stimulus changes direction, the motion extrapolation model predicts that the position of the moving stimulus would be extrapolated as occurring past the turning point, but this effect was not observed (Whitney & Murakami, 1998) . In the majority of these studies, the FLE is interpreted as a temporal illusion. Thus, the effect referred to above, that is, when stimulus movement direction changes, can be readily explained if the FLE occurs because the flash is perceived later than the moving stimulus. Furthermore, Murakami (2001a Murakami ( , 2001b confirmed that a FLE comparable to data measured in previous FLE studies could occur even when the moving stimulus moved randomly from one frame to another. During ''random motion," motion extrapolation cannot occur in principle because it is not possible to predict the next position of the moving stimulus. These data provide strong evidence that the FLE relies largely on a temporal illusion. Some studies have suggested that the FLE is due to simple differential latency of the flash and the moving stimulus (e.g., Purushothaman, Patel, Bedell, & Ogmen, 1998) , whereas others propose a contribution by relatively higher mechanisms (Arnold, Durant, & Johnston, 2003; Arnold, Ong, & Roseboom, 2009; Brenner & Smeets, 2000; Eagleman & Sejnowski, 2000; Krekelberg & Lappe, 2000) .
The location in the visual system where the processing responsible for the FLE occurs is not clear. Some physiological studies have reported activity patterns that appear qualitatively similar to the FLE in salamander and rabbit retinas (Berry, Brivanlou, Jordan, & Meister, 1999) , cat V1 (Jancke, Erlhagen, Schoner, & Dinse, 2004) , and monkey V4 (Sundberg, Fallah, & Reynolds, 2006) . However, the temporal facilitation estimated so far in the cat LGN (Orban, Hoffmann, & Duysens, 1985) and V1 (Jancke et al., 2004 ) is approximately 15 ms, which is a shorter duration than that of the FLE ($45-80 ms) estimated by psychophysical studies (Nijhawan, 1994; Purushothaman et al., 1998; Whitney & Murakami, 1998) . Moreover, the mechanism that facilitates object movement in these early stages may not apply to randomly moving objects, which still produce a FLE (Murakami, 2001a (Murakami, , 2001b . Therefore, the FLE as a temporal illusion may result from higher-order neural processing. One approach to investigating this idea is to examine whether a change in the appearance of the stimuli during the FLE influences figural adaptation and the subsequent negative aftereffect. The tilt aftereffect (TAE) is an illusion in which after prolonged adaptation to a slightly off-vertical-oriented grating, a vertical grating appears to be tilted away from the original grating (Gibson & Radner, 1937) . The TAE is thought to result from early linear processing of visual information (Blakemore & Nachmias, 1971; Campbell & Maffei, 1971; Ware & Mitchell, 1974) . In the present study, we presented a set of randomly jumping gratings as a moving stimulus (termed the jumping set) and a set of briefly flashed gratings as a flash (termed the flash set). Under one condition, the gratings were configured such that a uniform orientation should be perceived as a whole only when the FLE occurred. Under the other condition, the gratings were configured in a specific orientation, but would be perceived as a random pattern when the FLE occurred. If the TAE is apparent in the former condition, the FLE can be attributed to early linear processing. By contrast, if the TAE is perceived in the latter condition, the FLE can be attributed to processing distinct from linear processing.
Experiment 1
In Experiment 1, we examined whether the FLE would occur with the random-motion stimulus used for measurement of the TAE.
Methods

Subjects
One of the authors and 10 subjects unaware of the purpose of the experiment (aged 18-25) participated in the study. All had normal or corrected-to-normal visual acuity.
Apparatus
The stimulus was presented in a dark room on a CRT monitor (Mitsubishi Electric RDF223H, 1024 Â 768 pixels, refresh rate 120 Hz). Each subject placed his/her head onto a chin-rest and used only the right eye to view the stimulus. The viewing distance was 52 cm. As shown in Fig. 1 , horizontal and vertical meridional lines were continuously presented on the periphery of the display to help the subjects maintain fixation (cf. Murakami, 2001a) . Subjects were asked to fixate on the center of the stimulus.
Stimuli
A schematic of the stimulus configuration is shown in Fig. 1 . The stimulus consisted of two sets of upright rectangles (each 25 min -60 min, maximally 92.1 cd/m 2 white at the central rectangle, on a 46.3 cd/m 2 gray background), one of which was the jumping set and the other the flash set. The jumping set consisted of two rows of rectangles, with the rectangles in each row aligned horizontally and equally spaced 65 min apart from one another. The gap between the two rows was 70 min. Each row was always located in counter-phase to the other. All rectangles comprising the jumping set moved synchronously. The flash set contained three rows of rectangles. The arrangement of the rectangles in each row was the same as in the jumping set. As with the jumping set, each adjacent pair of rows in the flash set was located in counter-phase to each other, and all rectangles in the flash set were flashed synchronously. The three rows of the flash set were presented above, between, and below the two rows of the jumping set. The gap between the flash-set rows and jumping-set rows was 5 min. The left and right sides of the flash set and the jumping set were blurred by multiplying the luminance contrast by the window function, w(x), which was fixed with respect to the display:
where x is the horizontal position of the display (at the center, x = 0). m and s were fixed at 213.8 min and 48.8 min, respectively. Henceforth, the time scale is described in video frames (1 frame = 8.33 ms) for the sake of clarity. The spatiotemporal plot of the stimulus sequence is shown in Fig. 2 . Every 16 frames, the jumping set was horizontally displaced to a randomly chosen position (chosen from the range of ±45 min around the current position). A series of 80 video frames comprised one cycle, which included five random horizontal displacements of the jumping set. The jumping set stayed in each position for 16 frames and then jumped to the next random position. The flash set was presented for one frame in each cycle. The ''target" was chosen randomly from the third or fourth position of the jumping set within each cycle. Relative to the target position, we pre-determined the horizontal position of the flash set in each cycle, such that the flash set and the target jumping set would form a single grating-like stimulus that tilted clockwise or counterclockwise by about 15°. Fig. 3 illustrates how the stimulus described above is perceived when the FLE occurs.
Procedure
In Experiment 1, we varied the timing of flash-set onset relative to target jumping-set onset (stimulus-onset asynchrony, SOA) and examined how the stimulus was perceived. The factorial design was 2 (orientation; clockwise or counterclockwise) Â 40 (SOA) . Spatiotemporal plot demonstrating how the FLE creates the illusory tilt grating. The stimulus-onset asynchrony (SOA) was varied from À20 frames to 19 frames. When the SOA was À5, as illustrated, the relative positions of the jumping set and the flash set were random. However, if the FLE was large enough, the subject would perceive the flash set when the jumping set was in the target position. As a result, a clockwise grating-like structure was perceived, even though such a structure did not exist physically.
Jumping set
for each subject. In the clockwise (CW) condition, the flash-set position was chosen such that the combination of the flash set and target jumping set formed a clockwise grating. In the counterclockwise (CCW) condition, the flash-set position was chosen such that the combination of the flash set and target jumping set formed a counterclockwise grating. For each of the two conditions, SOA was varied by one frame from À20 frames to 19 frames. For example, when SOA = À5, the flash onset preceded the target onset by five frames. In each trial, the stimulus was presented continuously until the subject pressed one of two keys, which indicated in a two-alternative forced-choice fashion whether the stimulus appeared to be tilted clockwise or counterclockwise at the moment the flash set was perceived. The inter-trial interval was 0.15 s.
The method of constant stimuli was used. Each experimental session consisted of 160-240 trials, in which all stimulus conditions were randomly intermingled. Each subject completed 6-8 sessions such that 16 trials were presented for each stimulus condition.
Results and discussion
The average data of all subjects are shown as filled circles in Fig. 4 . The percentage of ''clockwise" responses is plotted as a function of SOA. The data in the CCW condition were flipped and merged with the data in the CW condition. The solid curve represents the best-fit function according to the distributed differential latency model described below. The broken curve represents the theoretically predicted performance of a perfect observer who does not perceive the FLE. When SOA < 0, the flash set is presented before the target jumping set, and the jumping-set position at flash onset is random relative to that of the flash set. Hence, a perfect observer would indicate ''clockwise" at the chance probability of 0.5. When 0 6 SOA 6 15, the flash set and the target jumping set overlap and form the clockwise orientation. In this case, a perfect observer would indicate ''clockwise" with a probability of 1. When SOA > 15, the flash set is presented after the offset of the target jumping set, and the jumping-set position at flash onset is again random relative to that of the flash set. In this case, a perfect observer would again indicate ''clockwise" at the chance probability of 0.5. However, the actual data differed from the predicted perfect observer data in two ways. First, the range of SOA in which the probability of a ''clockwise" response was higher than chance was biased in the negative direction along the abscissa. In other words, subjects had the tendency to bind the flash set to the future position of the jumping set, rather than to the physically simultaneous position. This indicates that the FLE occurred with the random-motion stimulus. Secondly, the negative shift along the abscissa was accompanied by a horizontal broadening, indicating that actual performance varied across trials and across subjects. Clarifying the causes of this substantial variation was not a central issue in this study, as the purpose of this experiment was merely to confirm that a substantial FLE occurs with this stimulus configuration. Nonetheless, in the following section we attempt to construct a model to account for the human data.
Probability distribution of differential latency
We consider the FLE to result from the differential latency between the flash and the moving stimulus and suggest that this differential latency obeys a broad probability distribution (cf. Murakami, 2001a Murakami, , 2001b . For clarity, the theoretical curve of ''seen clockwise" will be termed c(t), and the perfect observer curve will be termed b(t), where t denotes SOA. The value range of these functions is scaled such that 0 and 1 are equivalent to 50% and 100% probabilities of ''seen clockwise," respectively. In addition, the model assumes that the differential latency distribution is represented by some probability density function, p(t), where t denotes differential latency. Thus, the correlation function c(t) would be simply determined as R pðuÞbðt þ uÞdu. We used the generalized extreme value (GEV) distribution as a model of p(t) to account for the asymmetrical distribution of the human data. Furthermore, to take into account that repeated viewing of the same stimulus would increase the correlations, the raw correlation was gain-controlled by compressive nonlinearity. Hence, c(t) was formulated as:
where GEVðu j; l; r
The solid curve in Fig. 4 was obtained by fitting this model to the actual human data. The best-fit p(t) is shown in Fig. 5 . The best-fit parameters are ðj; l; r; cÞ = (0.88, 7.56, 4.04, 2.29 ).
This model accurately described the actual human data (R 2 = 0.906). To best characterize the degree of differential latency, Time (ms) Fig. 5 . The estimated p(t), that is, the probability density of differential latency. This was obtained by minimizing the residual between c(t) and the actual data points by the least squares method.
the median of p(t), approximately 61 ms, was chosen as the FLE magnitude. This value is comparable to the estimation of the FLE (45-80 ms) in previous studies (Nijhawan, 1994; Purushothaman et al., 1998; Whitney & Murakami, 1998) . We also applied this model to the individual human data to obtain the best-fit curves individually (not shown) and confirmed that the inter-subject average of them was quite similar to the best-fit curve obtained from the averaged human data and that the goodness of fit did not change dramatically (R 2 = 0.923).
Experiment 2
In Experiment 2, we examined whether the FLE observed in Experiment 1 would influence the TAE using the same stimuli.
3.1. Methods
Subjects
One of the authors and ten experimentally naïve subjects (aged 18-25) participated in this experiment. Nine of the 10 naïve subjects had also participated in Experiment 1. All subjects had normal or corrected-to-normal visual acuity.
Apparatus
The same apparatus as in Experiment 1 was used.
Stimuli
The adapting stimulus was the same as that used in Experiment 1. The test stimulus was an elongated Gabor patch (120 0 horizontal standard deviation, 54 0 vertical standard deviation, 0.67 c/deg carrier, with the phase of the carrier randomized from trial to trial) fixed at the center of the display (see Fig. 6 ). The test stimulus was presented in a temporal Gaussian window with 9-ms standard deviation. The maximum contrast of the test stimulus was 20%.
Procedure
The factorial design was 2 (orientation; clockwise or counterclockwise) Â 33 (SOA) for each subject. Under the clockwise (CW) condition, the relative positions of the flash set and the target jumping set were fixed such that they formed a clockwise orientation when perceived simultaneously. Under the counterclockwise (CCW) condition, the relative positions of the flash and target jumping sets were fixed so that they formed a counter-clockwise orientation when perceived simultaneously. For each of the two conditions, 33 SOAs were tested, ranging from À15 to 25 frames for all subjects but one, who was tested for only 17 SOAs (odd frame numbers between À15 and 17).
Each experimental session was designed to test the TAE after adaptation to the stimulus during the FLE at a fixed SOA. Sessions started with an initial adaptation period for 84 cycles (56 s), followed by repeated presentations of test trials (Fig. 6) . At the beginning of each trial, the adapting stimulus was presented for 6 cycles (4 s) as a ''top-up" adaptation. After a 0.15-s interstimulus interval, the test stimulus was presented for 0.11 s, followed by a 0.75-s blank, during which the subject pressed one of two keys to indicate in a two-alternative forced-choice fashion whether the test stimulus appeared to be tilted clockwise or counterclockwise. The next trial started immediately after the 0.75-s blank period passed regardless of whether the subject pressed the key.
If the TAE occurred, the test stimulus should appear tilted when it was actually vertical. TAE magnitude was measured as the angle of the test stimulus when the subject perceived a vertical orientation, using the staircase method. In each session, two different staircases were randomly interleaved; in both staircases, the initial test stimulus orientation was vertical, and the initial step size was 1°. The step size was halved after each reversal of the response direction, unless it overshot the minimum step size of 0.25°. Each staircase terminated at the sixth reversal. TAE was estimated as the average of the last four reversal points. Each subject completed two sessions under each condition, so four TAE estimates (2 staircases Â 2 sessions) were obtained under each condition for each subject.
Results and discussion
The averaged data from all subjects are shown in Fig. 7 , where TAE (the angle of the test stimulus when subjectively vertical) is plotted as a function of SOA. Data from the CCW condition were flipped and merged with the data from the CW condition. A positive TAE value indicates that the test stimulus had to be tilted clockwise for the subjects to perceive it as vertical. The two-way within-subjects ANOVA found a significant interaction between orientation and SOA, F(32, 2700) = 5.89, p < 0.001. The filled circle in Fig. 7 indicates that the simple main effect test revealed a significant difference between the CW condition and the CCW condition for that SOA value (filled black circle: p < 0.01, filled gray circle: p < 0.05 and open circle: n.s.). The gray field in Fig. 7 indicates that in this area, the flash set was presented when the jumping set was at the target position; that is, the clockwise orientation was present in each cycle during the adaptation period. Under the SOA conditions outside the gray field, the relative position of the flash set with respect to the current jumping set was random. Thus, if the TAE occurred based on physical orientation, positive TAEs would occur only in the gray field. The actual data corresponded roughly to this idea. The data distribution had a small bias in the negative direction along the abscissa. However, the data revealed negative TAEs at both sides of the main peak, and small positive TAEs were present farther outside the main peak. These findings are clearly different from the perceptual FLE data described in Experiment 1. In the following section, we show that these data can be explained by the temporal impulse response in early visual information processing.
The triphasic temporal impulse response model
The data obtained in Experiment 2 can be explained if we take into account the temporal impulse response, which previous psychophysical experiments have determined to be biphasic (Burr & Morrone, 1993; Ikeda, 1986) Fig. 8 . First, the time course of the retinal input signals of the flash set and the target jumping set, termed F(t) and M(t), respectively, can be illustrated as rectangular pulses like those in Fig. 8a . Note that no jumping sets other than the target jumping set were included in this model, as their positions are random relative to the position of the flash set and hence irrelevant to the process causing the TAE. The time course of the internal signals of the flash set and the target jumping set, termed F 0 (t) and M 0 (t), respectively, are obtained by convolution with a temporal impulse response function, termed I(t). I(t) is modeled as the sum of three cosine waves (one cycle each) with the same frequencies and different amplitudes (Fig. 8b) .
2003). A schematic of this model is shown in
The temporal offset when two signals, F'(t) and M'(t), are input into the orientation-tuned mechanism is represented as the sum of two parameters: a physical offset, SOA (termed s), and an internal delay of the flash set relative to the target jumping set (termed d).
Finally, the value of the TAE caused by the repetitive input of the two signals into the orientation-tuned mechanism is represented as EðsÞ ¼ A R M 0 ðtÞF 0 ½t À ðs þ dÞdt, where A is a constant.
We assume that the TAE results from fatigue of orientation-selective neurons and that the more these neurons are activated by the internal signals of the flash set and target jumping set, the greater the TAE becomes. Therefore, because the relative position of the flash set with respect to the target jumping set was fixed to produce a clear orientation (e.g., clockwise) as a whole, two simultaneous signals F'(t) and M'(t) should stimulate clockwise orientation filters to fatigue when both signals are positive at that moment or when both are negative. In contrast, when one signal is positive and the other is negative at that moment, two simultaneous inputs, F'(t) and M'(t), should stimulate counter-clockwise orientation filters to fatigue. This relationship is represented as the product of F'(t) and M'(t) at each moment. We further assume that temporal integration of the product is linearly related to TAE magnitude. The solid curve in Fig. 7 represents the best-fit curve according to the triphasic temporal impulse response model. The model accounted for the variation in the averaged human data (R 2 = 0.839). The best-fit I(t) is shown in Fig. 8c . The best-fit parameters are ði 1 ; i 2 ; T; dÞ = (0.61, 0.32, 48 ms, 9.75 ms). Thus, the differential latency occurring before retinal signals were processed by a TAE-related orientation-tuned mechanism was estimated to be only $10 ms. This estimated differential latency for the TAE is strikingly similar to a data set looking at the FLE and the tilt illusion (see Arnold et al., 2003) . We also applied the triphasic temporal impulse response model to the individual human data to obtain the bestfit curves individually (not shown) and confirmed that the intersubject average of them was quite similar to the best-fit curve obtained from the averaged human data and that the goodness of fit did not change dramatically (R 2 = 0.798).
General discussion
Summary of the experiments
In Experiment 1, we examined the perceived orientation produced by the randomly moving jumping set and the flash set under various SOA conditions. In Experiment 2, we measured the TAE after adaptation to the orientation made by the same stimulus under various SOA conditions. The perceived orientation data indicated a substantial FLE, whereas the TAE data did not. To clarify this difference, we applied the distributed differential latency model to the perceived orientation data and the triphasic temporal impulse response model to the TAE data. These models accurately explained the human data. Importantly, the estimated differential latency thought to occur prior to the mechanism responsible for the TAE was only about 10 ms, which is too short to be compatible with the estimated FLE from the perceived orientation data. Thus, we conclude that the FLE originated in a different location than the site for early linear processing, which is presumably responsible for the TAE.
The small differential latency in the TAE
How might the small differential latency (d % 10 ms) observed in the TAE experiment arise? One possibility is that an effective contrast difference between the two stimulus sets created the differential latency in the input stage. Although both stimuli had the same contrast, the flash-set duration was considerably shorter than that of the jumping set, and the perceived contrast of the flash set was also lower. Lower contrast stimuli were shown to evoke longer-latency visual responses (Purushothaman et al., 1998) .
The mechanism responsible for the FLE
It is difficult to identify the mechanism responsible for the FLE, but the results of Experiment 1 provide some insight. The estimated distribution of the differential latency was largely asymmetric. Such an asymmetric distribution would be unlikely if the position of the flash set relative to the jumping set were automatically perceived as a snapshot taken from the output of linear processing. The asymmetric distribution suggests that a sluggish computational process calculates the position of the flash set relative to the jumping set. Given that time must be taken after the flash to sample the position of the jumping set for comparison and that this time varies for each flash, the differential latency distribution should have a larger variance on the right side of the distribution. This idea is consistent with several psychophysical studies that concluded that the observer actively compares the flash position with the future position of the moving object (Arnold et al., 2003 (Arnold et al., , 2009 Brenner & Smeets, 2000; Eagleman & Sejnowski, 2000; Krekelberg & Lappe, 2000) . Although some of these studies (Eagleman & Sejnowski, 2000; Krekelberg & Lappe, 2000) consider the FLE to result from estimation of the position of the moving stimulus by averaging its trajectory over a certain period after the flash, several extant studies contradict the averaging model (Murakami, 2001a (Murakami, , 2001b Shen, Zhou, Gao, Liang, & Shui, 2007; . Our data can be explained if we consider that the timing of the jumping set compared with the flash set varies substantially for each cycle.
Relationship to previous studies
Our conclusions are consistent with those of Arnold et al. (2003) , who reported that the FLE had little influence on the tilt illusion, a spatially contrasting illusion with respect to orientation. Other studies have attempted to identify the site responsible for the FLE. Khurana, Carter, Watanabe, and Nijhawan (2006) used the chimera-face phenomenon, where the vertical alignment of the upper and lower halves of different faces impairs face recognition of either half (Young, Hellawell, & Hay, 1987) . Khurana et al. examined recognition performance for face halves that were physically aligned but perceived to be misaligned, and for face halves that were physically misaligned but perceived as aligned due to the FLE. They found that perceived alignment impaired recognition, whereas perceived misalignment did not. This suggests that the site responsible for the FLE lies at an earlier processing stage than that for face recognition. Anstis (2007) investigated the relationship between the FLE and the chopstick illusion, in which the intersection of a vertical line and a horizontal line moving in counter-phase along counterclockwise circular paths without rotating is perceived as moving clockwise. A flash briefly presented next to the intersection appeared to be displaced in the clockwise direction, consistent with the physical direction of rotation, suggesting that processing responsible for the FLE occurs before the motionparsing process. Linares and López-Moliner (2007) used a Glass pattern comprised of a moving half pattern, with the other half flashing briefly, to examine whether the FLE occurs when the task involves global pattern detection. They found that the Glass pattern in physical and temporal alignment was detected best, indicating that the global shape of the Glass pattern is processed independently of the FLE. Our findings do not contradict any of these studies. The underlying mechanism of the FLE and its location in the cortical processing hierarchy may be better understood by establishing the relationship between the FLE and other visual tasks.
The brain region responsible for the TAE
The magnitude of the TAE observed in Experiment 2 was smaller than the previously reported values ranging from 2°to 4° ( Campbell & Maffei, 1971; Gibson & Radner, 1937; Ware & Mitchell, 1974) . One possible reason for this reduced value is that the adapting orientation was formed only when the flash set was presented; that is, the total adaptation period was relatively short compared to previous studies. This was unavoidable, as the FLE would have been reduced if the frequency of flash presentation were increased (Lappe & Krekelberg, 1998) . The second possibility is that the unusual shape of the adapting stimulus might reduce the TAE. In our study, the adapting stimulus consisted of many rectangles, and each local component was vertical. Thus, relatively large receptive fields were needed to detect the adapting orientation. Hence, it is possible that extrastriate areas containing neurons with larger receptive fields than V1 neurons, such as V2 or V4, contribute to the TAE observed in Experiment 2. Although many studies have suggested that the mechanism underlying the TAE lies in V1 (Albrecht, Farrar, & Hamilton, 1984; Carandini, Movshon, & Ferster, 1998; De Valois, Yund, & Hepler, 1982; Maffei, Fiorentini, & Bisti, 1973; Ohzawa, Sclar, & Freeman, 1985) , the TAE has been observed when the adapting orientation was defined by an illusory contour (Paradiso, Shimojo, & Nakayama, 1989) , color (Bradley, Switkes, & De Valois, 1988) , or depth (Tyler, 1975) , suggesting the TAE could also be mediated by V2, V4, or V3. Our conclusions that the site responsible for the FLE is distinct from the site for the TAE does not necessarily imply that the site for the FLE occurs at a higher processing stage. Thus, these cortical areas could mediate the FLE and the TAE using parallel and independent processing. 4.6. Why was the random motion used?
The random motion used in the present study, unlike the continuous motion, might not engage the facilitation mechanisms for moving objects that have been proposed to exist in very early visual processing stages like the retina (Berry et al., 1999) . Thus, if such a mechanism contributes to the FLE, the random motion method might not be an ideal way to capture it. However, in our previous studies (Murakami, 2001a (Murakami, , 2001b and in Experiment 1 in the present study, we have confirmed that the random motion method can produce a substantial FLE that can be as great as that found in conventional continuous motion stimuli, and thus, we believe that the major fraction of temporal facilitation observed in conventional stimuli for the FLE is also reflected in the random motion FLE. Moreover, there are certain merits of using the randommotion stimulus instead of a continuous motion stimulus. Since the magnitude of the FLE is known to vary substantially from trial to trial (Murakami, 2001a (Murakami, , 2001b , the perceived position (or time) of the flash relative to the moving stimulus should also vary substantially if we use a continuous motion stimulus. This might decrease or even cancel out a potential TAE when the FLE exceeds or falls short of a specific range. On the other hand, by using the random motion method in this study, we were able to ensure that the subjects perceived a specific orientation at least in a certain range of the FLE. In addition, if the FLE exceeded that range, the perceived position of the flash set relative to the jumping set was completely random. Thus, even if the FLE magnitude substantially fluctuated, the potential TAE should not have been canceled out. We believe that this was the best configuration to make conditions as fair as possible for the two competing hypotheses, namely that ''the FLE affects the TAE," and that ''the FLE does not affect the TAE."
Conclusion
The estimated differential latency thought to occur prior to the mechanism responsible for the TAE was only approximately 10 ms, whereas the perceived orientation data showed a substantial FLE that was as great as approximately 60 ms. Also, the TAE data were well explained by the temporal impulse response model, whereas the perceived orientation data were well explained by the distributed differential latency model. These findings suggest that the FLE originates at a different neural processing stage than the early linear processing that presumably mediates the TAE.
